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FI ELD OF THE I NVENTION This invention pertains to

bi ol ogi cal assays for enzynmes that catal yze phosphate
nodi fications. 5 BACKGROUND OF THE | NVENTI ON Pr ot ei n
phosphoryl ati on and dephosphoryl ati on are used by
cells as a general signal transduction nechani sm
usually in response to external stinuli. The proteins
that carry 10 out these phosphate nodifications are .
enzymes cal |l ed ki nases (phosphoryl ation) and

phosphat ases (dephosphoryl ation). Kinases and
phosphat ases can be classified into two famlies
depending on the am no acid residue that is

(de) phosphoryl ated: tyrosine kinases (phosphatases)
and ﬁ@@iﬁﬁgﬁﬂiﬁiﬁiﬁﬁgﬁﬁﬁﬁﬁes (phosphat ases). O her
enzy t in cellular signal

transducti on pat hways i ncl ude cycl ases that can

?E:Zd “ﬁlﬁ s ﬁeﬁﬁ&} :pgrt%kf/gtoe 8@%@5‘ g§re gﬁ[z%/me tﬁ I\{Pciatalyze phosphate

deed Gatwééisengers and phosphodl esterases that

hydr ol yse the cyclic nucleotides to formthe
%Ieotlde nonophosphat es

. e Ak N HIN, important roles in

regul ating ceI I functl on, all these enzynes are

s.fo di scov
hrere g Ir%(?)tgne réh%S&e é?n %‘Hia ephe EIP{Yéﬂg}On a5¢) ufq%ietigza(ﬁ@a #5 a general signal
Traasduction aiechatiso dsualy imeeswnsay ddtenalt sineuldf The proteins that carry

RAPSRAE Pﬂo?ﬁﬁa%q d1 tibtd afe thz%bﬁgr le&irk‘fneggss i@togﬁ}horylatlon) and

I ncor po tjon o oact lve hos
PHIERosPRRTY e‘ﬁh@seéraédéénpmlwégs om ke ¢agsified into two

&ﬂﬁllﬁ:w éhtﬁﬁ\é |o)‘1 tﬂesatﬁiﬂozﬁ‘&d Uging: fnRNeSEBRHHb msltate% tyrosine

AI LeL (3%1 pgtﬁ%aqsﬁ hor tagjgtp %‘@g?sse@ﬁos fltl:ageus) Other enzymes that
ard 1mmimaﬂpimoctej/lutas Islgaalamdnsbaniioﬁ§)a&ﬁ€hy@ Qﬁcﬂﬁd@dycﬂaées that can produce

Rick fRedhls o shOlf as YARP W 1b TERRAR" &8 BIAR GRIP oMP) which are

AABPIEHNS osespiec | medsengens; eand rrﬁ}lmqvfmdmsw@sam cthati hwdrobysie nthe cyclic
hfcIbQRIes & Rk tﬁ§ B&ids oﬁd'iff%he(lfc‘}cl'li%d rﬁx@%oﬁ&@ﬁohgﬁwggthates (i.e. AMP

r adi tive supstanc sartabl e

pUtucsie tadihimRpriantaqtes)in remylatingrpsH duncsiantll these enzymes are
ﬁﬁpdsrmhs targeh enélaclilePfor it disET RO ARB ARl dpn®ent 8P h86e dpharmaceutical

L1 SAs (enzyme-|inked i mmunosor bént assays).

5&? t hods use purified substrate proteins or
synt gditonpbmihdds sf h&hﬁﬁh@&h&\j@ta&fbﬂ}&}b@plhﬁ?ﬁnon of cellular proteins

B {

g%%d bf qgcotéﬁ?rgtlfry B? Hﬁﬁ%agtﬁ é(;r 31/?|a% ogﬁo?pgjatﬁ:ug'ﬁ ¢ 1@2'?’2@10&}101'3(1ated
proteing ﬁm sepaxstedapm ja gel- and subsequently visualized using a phospho-imager.

Alternatively, phosphorylated tyrosine residues may be bound via binding of

radiolabelled anti-phosphotyrosine antibodies and detected by immunoassays, for
example immunoprecipitation or blotting. Since these methods need to detect
radioisotopes, they are time-consuming and also, owing to the safety aspects involved in
the handling of radioactive substances, not suitable for ultra high throughput screening
(uHTS).

In more recent methods, the radioactive immunoassays are replaced with ELISAs
(enzyme-linked immunosorbent assays). These methods use purified substrate proteins
or synthetic peptide substrates which have been immobilized to a substrate surface. After
a kinase action, the extent of phosphorylation is quantified by the binding of anti-
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phosphot yrosi ne anti bodi es coupled to an enhancer

enzyne such as peroxi dases, for exanple, to the

phosphoryl at ed i mobi |l i zed substrates. Epps. et al.

(U S. Pat. No. 6,203,994) descrizbe a

fl uorescence-based HTS assay for protein kinases and
pheiymsing anjijepdins wakelsd te enoénhiahceyr enzymet dugh as peroxidases, for

p
| absipledo e RGRRAALKH BhRHL]EBPLISHMR! ecul es and

anti bodi es which bind specifically. to the
phos gﬁ%?i?syFtaﬁtleﬁfﬁe%r Ner g?f@ﬁs%%ld@é‘ﬁﬂ@i Fingrgscencenkased HI§ assay for
bytoteankinadesf IfaF@r psaa@nﬁ@sesp%mb?z?;dke@, ude! ;tqr TReRREGy labelled
| r orescence correl ati.on spectroscopy.
CHBEI -V, rdroHgE GRAISESIES, B Eoiodhee SRS PiRE SBifially to the
arhogplywpldtederepoiter amtédnbedi indirg gs mbasased BY6ficans Y20 fluorescence
| BRLLRE! | [ rQSi bstrates.
HEhip, No@dahic Hhéhchile B ABRE el HoRIBH Sk fiony (FCs).
ofhid methachhasdhie Aeiriarie idiwdyanageanicon)i @eod @onericeentibpdies (e.g. clone
BKby, BY2@®t Sima) Héihl%(_rlﬁlailﬂzfle %P@o%ﬂ&ﬂ_};ﬁ’bsiﬁ@rﬁﬁ)gﬂrﬁ%. Only a few
255 OOJf) , . efnver a. Ki é no. P2886). These_anti bodi es,
r?a%@%’ Otiilirbls prH-BhespBeIcying o ABE-dRrAPBiNG gntikadicsiaye been reported
s Padrd. el biurailst BibmoReiigh Soreshing, GMS50001 Paera kit .
e- i s.known, ve that_ ki nases. funct.i on
\?‘e%I 8 §8): ugl_sl‘%sl%a?ét-lﬁs%ggegi fl}og\%\(\z'% é%vg {4fatPreRRIRE (04t Eecognizing not only
srearinectt adiiof the meighboyrat 4nyino Heilsedsampéiope. It is known, however,
IRt RRes RIRESH VBS %Ek@g-@%ﬁ%@?@tdl 12%5 Hl%@lgat9§eequaeﬁces can differ

eneric reagents. =~ Perkiy . provi .
%§‘?§Y f refof, gatiwhosahnss s antibedies qaaneysaised s generic reagents.
ti mePeisn Bleer (WdDi@SHEWMAE aa s ANfRNOFdhe KiANRSE, 8hhith Q¥Mbased on
I Opi nnfiglates toEwgllophécocyanlqﬁ{(éee al so. EP
S Ryed v deisnee 118 gRocbEey; Fapriky | Beme ERR Flclates to
atoplygoosinive (genalseEP WH810). Hore wopthel prasdss hoHintied edntially to
g%ﬂ% i(ﬂlaségggﬁctﬁltﬂé’ ué-e)%\f‘!aﬁ odGeLg: S. Pat. No. 7,070, 921)

a rovi anoparticles With charged gallium
cat i &issedly, t Moleqwldradeevagesa (YeherRat. bNadi B870.8210eriave provided

abtdpaRicfesd With RA A & ' indi
ARSI I i O SR s
AeEblo far Rhospharylaten srcors Wempasury kinash and abesnbatgsy activities as
weHsdsr for aycleatide aidlizafibro afd) AdeRECSHAS RoaBdrisViol nESsure? Byclase and
@%\%{ﬁ% % TéHEt.I {}[NENFI ON Thg present 1nvention

eSErT PEL AL, cy'é’ {8r detect i ng the activity of enzynes
that can catal yze phosphate nodifications on their

subsgyg RYP PiNVRREEN 1ty of the netal ions

i ndi - _ ] V) to bind specifically

to phbe prroest invaionuiceeriiice assage fahdetesingytbe eativibeofissymes that

&4 cablly 2o PhosSHat imBaifichilR & RAF sRRASRE Ha8&ESh HB3bility of the metal
hos oryg ﬁie or de hmhor late paql y&eg}tsl de

ﬁ:BF (I and zireqnd ) 19, dﬁe@i%gqtl ssphpsghorylated molecules.

Phoapshaypdiaadeaised &5 chighestych b RBinBdes @88 YhbiphBtases that phosphorylate

Wﬁgﬁ%tsbﬁo%yﬁ?é %%Pylpggﬁde molecules and for enzymes such as cyclases and

phosphodiesterases that cyclize or decyclize nucleotide molecules.

Accordingly, the present invention provides for a method for assaying the activity
of an enzyme that can catalyze a phosphate modification on a substrate to form a product,
said method comprising the steps of contacting the substrate with the enzyme in the
presence of indium (III) ion or zirconium (IV) ion, wherein the indium (III) ion or
zirconium (IV) ion can bind to either the substrate or the product but not to both;
measuring the extent of binding between the indium (IIT) ion or ziroconium (IV) ion and
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Accordingly, the present invention provides for a
nmet hod for assaying the activity 35 of an enzyne that
can catal yze a phosphate nodification on a substrate

‘to forma product, said nethod3conprising the steps

of contacting the substrate with the enzyne in the

pihesubyetor thagradwet knd yoirdating theiextenhpfibinding)witlothe activity of the

V‘éi&'yﬁien JvHé’rel'nn%eu 'Ehﬁ)h'hé )is| L%‘ec%d &drh CRRI gfr'[)‘ougl M;nst)s?iﬁg of kinases,

ﬁ@; %; to e ther the substrate or t uct

OSPRALEGE:I£YC a?Féé@érPh?@ prisstesesent  of b| ndi ng bet ween

the indium (I11) ion or Z|rocon|um(l\/) |on and - 3-

t he bestr%aetﬁ Qr 1Fhe roduc fand C rreI mg 3@

ext ent " OF B ATEEW FRO PRSI PLR 1B reching fipa substance that

viedwatas tthre agivitynef ams esainec thed ciu oanatylze agploosphate modification on a

ki -
C%B zﬁé cﬁ]g)sn?lergﬂggg&e%ldrﬁ*e%t}%?gsae rp?ﬁﬁ%\}hg %(t%%sagief’on%ﬁng the substrate
D&E@efl’éﬁ QPIEEIGe @r @bsanee of ithengpbrgnceandinsthameesence of indium
t(fllH} 1onn&déifo%hﬁ§’n 118 iRl widrkin 8E iRu@ N Ront QLirceBfim (IV) ion can

a hate di f.ication substrate to
LS e oEDTEL: o HePOHCOH P! & hog TR SHgbe gyiont of binding

detweet the ndide (H];)hsﬁ bﬁmeocoﬁﬂﬂn GIWZ))i@iBadethte RebgfaesE e product; and

f St in e S
ocfeg@%’xﬁﬁ% etp? ab&lﬁﬁ S’tu%z ?‘é%o ?I Q}j)d{ﬂgﬁp% ntgxilt o{ thinding which
ioettelatas(with 9he i2okvityr ofzhe enyimeymblerdin therenegame istseleicted ftam the group
t bot h;
SohaBtnd SRS AR SRR Ml BBt
(I'11) ion or ziroconium (IV) ion and the substrate or

t he mfﬁdbﬁé@omgrlﬂd dﬁ&tr%magw ahd ‘fea%ll%k bf ihe(ﬁwéﬂﬁ%n and the manner

subst a to nodul ate t t ent bi ndi n whi ch
30, Foich; e SRTR fﬂfﬁeacgempﬁﬁle%a ik ﬁ’@c‘étﬁfiy% © el Apparent upon
tchesideratyoreof the sfelllMg defailodndtdeeipt o v theCinngit®ii talgenGh conjunction

PR BIRSPE L5 AP RR R emplarygimens

advant ages and features of the invention, and the
MRNN@RIEFDIMRIPTION SRTRIEDR AAPRGAR! | shed, will
becoime nore réadily appar ent upon  consi deration of
the followi ng detail ed description of the invention

t ake |F1g'u3e CloRhoWE tthe Nresubist Bf tal n%h@épﬁ@d‘i@ﬁ@ﬂéb@ Qasﬁij'a U¥hg Sfluorescence

Khlabaton BRth Bt e et Ly (201 T8GRyt e e g various

ofncgnipitomys Iﬁdnlmspfmdmwra;s say(B) sianigu$ metal dsne (P = millipolarisation
Jt)e\rl zation as the detection neasurenent. (A) The

assay was run using various 25 concentrations of

phosphodi esterase or (B) various netal ions (nP =

m || Fpekar kedtd bepréé@ﬁtﬁi)ion 61 1n8se2ass8iyPWah Fluorescence polarization as

r,epr,esent ati on of ki nase assay w th fluorescence
| detestign @Fpaalérement using a ftifration of a unphosphorylated substrate and

phosphorylated product.

DETAILED DESCRIPTION OF THE INVENTION

Definitions

The term “phosphate modification™ refers to the introduction (phosphorylation) or
removal (dephosphorylation) of a phosphate group to or from an organic molecule such
as a polypeptide or to the formation (cyclization) or degradation (decyclization) of a ring
connecting a phosphate group and a nucleoside in a nucleotide. A common cyclization
forms ¢cAMP and ¢cGMP from ATP and GTP, respectively, by removing two phosphate
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the detection nmeasurenent using a titration of a

unphosphoryl ated substrate and 30 phosphoryl ated

product. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Definitions 35 The term "phosphdt-e nodification"

refers to the introduction (phosphorylation) or

rgfi%‘P%I froqne dhe onxsleetige dripkasphaes angHomghtheefrge eng of ther remaining
lﬁtﬁ%)ﬁz{te QAR 'ﬂoCthE“%hﬁeﬁ' Yh&hé %iﬁ‘amlg ki al%@a&@ﬁﬁhbﬂ%oﬁﬁaté O A common

ornmati on clizatjon atlon

t
'(6“&89‘&%%“23{?%@11 Fer qs.%ﬂn%m?a@tnpﬁ‘@fcazmy&w@oncychzed GMP

ofromp: AVH and 0GMEE e&ipe&ivelyy.a nucl eoti de. A conmmon
cyclization forns cAMP and cGW from ATP and GIP,

respectively, by renoving two phosphate -4- groups
f r om TheetemmcTsubstiatd’ Iefarp ho spmateesleand whithnan tiwynie tat catalyzes a

sphatd Hﬁ)dfffcgﬁbﬁ‘ quiﬂhgé)rﬁd@t’o elfsq%\tﬂ%e %Hﬁ&rthét results from

t e remal nl ng nuc eot € non sopha

BCSPEY g etabired éh‘éﬁl’h@tﬁ%@ﬁ%@@@ the ring to form
noncycl i zed AMP and noncyclized GW from cAVP and

respecti vel,y 5 The term' substrat refers to a
ol ecT}} SBR f ECIS A9 yAteCTEC GeRgRh! wgy gsphorylating a substrate.

phesighat’ ‘phmpﬁaths&i’a“efam taaf $:nzy'Hike cheba oﬂlﬂ@ﬁ@@hor)ﬂﬁf@ § substrate.

8 a ,
pﬁlosp at él%qng%s dfl%stgeg%sleog&grfdg 8% ?T&@E‘faﬁég Gsﬁ%ﬁﬁgg’fﬁ of the 3'-
antes vepieol a prgiis| ruckdotida dspthors LAMMgnd c&MR)Y rafem a noncyclized
Hﬂn@iebﬁ&é"hoﬂbﬁl%%ﬁﬁét@s The "tEn? E‘@yéle%e’a?etgﬁz%% &EBPAR! Bat®latalyzes the
hosphorylati n a substrate

ARBERobT 2o Curies auclpiter (veb. s cAMRmand 1RAMBh iy zegucleotide
tthiphdsphiatel ysi s of the 3'- ester bond of a cyclic
nucl eoti de (such as cAMP and cGW) to forma

noncycl i zed nucl eotide nonophosphate. The term
" cyclThs germ &indian (ﬁl)anisamnglnmetchmtgea‘altyahﬂ]z €l {1y’ a8d “In™ ” and

r%fEBcB faﬁnncﬁumé}or??f ftlé:lélg‘%?ljeg Qe g‘gnﬁ(é} ahch%};ge @Mr%)n(]pﬁlsthee) Indium

roma nuc
(IIHdplaﬁﬁaplhq fprmgdsin gaqueeus emhun @ea‘bllnshwn safts [snch( 4 inylium chloride

@m@lg ! "2 term@Pebrconfing SW)P Qs Bbd ﬁ%éﬁ%@%})h%hn% (SV)” and “Zr™* »
@ ed el ectrons. anh ch ar ge of +3
PRYTURS 9@ 2P innshayapg B@afrsﬂ ﬁl?&U‘PW %1 aghesa st +4 (plus four).

Hipconinm (WY iorsreh lbmfsﬁhédslnsaip( u{%/)ﬁud ﬂlﬁttm@%&h%ﬂc&ﬁum salts such as
%%? Zi rconi um " 1s use
%frﬁ erc gﬁlﬁgggt(@(w)th “Zr (IV)" and "Zr+4 " and refers

to a zirconiumion having unpaired electrons and a

char g&e fhrm™fdoRlsHsht® SP&ﬁuores%' 115&39 LA Gl eﬁn?sg%nfo?%é%grﬁmagnetic

fornmed I n an agueous om Zi'rconi im's
radiation, uspallymvasibler hgig, (cgp@ﬁﬂay excitation by light or other forms of

electromagnetic radiation of atoms or molecules in a substance. The term “fluorescence
response” refers to one or more parameters by which the fluorescence of a fluorescent
substance is characterized.

The term “fluorescence intensity” refers to the amount or intensity of light emitted
from a fluorescent substance. The term “time-resolved fluorescence intensity” refers to
the fluorescence intensity of a sample monitored as a function of time after excitation by
a flash of light.

The term “fluorescence quenching” refers to any process which decreases the
fluorescence intensity of a given substance. A variety of processes can result in
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25 The term "fluorescent” or "fluorescence" refers to

the em ssion of electromagnetic radiation, usually

visible light, caused by excitation by |ight or other

fornms of electromagnetic radi ati-on of atons or

nol ecul es in a substance. The term "fl uorescence

r @uspehing,’ syabf ey $xeitedoslgteoreantiors, r@aclgmeﬂrmsﬁerbycomplathonnatlon and

tbgisbibHa@ssaie of a fluorescent 30 substance is

characterized. "The term "fl uorescence intensity"

refers to the amount or intensity of light emtted

f rom Thd tew@r eheeaesddbetangee cddiy iRhifert HERDES % C8élgy transfer

? resce ceel nt ens ‘é(}{' refer%]ﬂg éh quore cence d

REPEY Potvesn Hﬂpﬁl s Belgulss & HemeicedeRor s fscited at s

aﬁ‘pteeﬁc eﬂlmremmntn ehojtatidh weavieleagth. Ay lai kq;lng-raﬂ'gtedipetendlpole coupling

J%éfﬁﬁﬁﬁlc ﬁﬁﬁ gxc@l%ﬁ e d9%hed I?Jﬁécﬁaﬁv%lyaﬁynsf Q3 eccs)sa s\é\@én% molecule, the

ecr eases$ uorescence In
sAgeeta ddie gongp retamg tofthp ﬁlﬁ@@@@légr@md E@'@ul tThlentenB “time-resolved

OURRERERS, r@b&i%ﬁicé‘%n@?g?' LRSS s Chb CAGEARIS of SR &¥ence resonance

transf er fornme 1{%0[1 and col i ssional

aﬁ‘éfer llué?l"’ntqu f%ence resonance energy
transfer descrl bes an energy transfer 5 mechani sm
bet weep ent nol.ecy uor esc

f ( ..
is excl {g@ & ug];%rsc%% b8 lefizang, urgfe& ewg%sué%efn?gh@rp%ﬁmzanon of
vitupedseertlight Bprmasdlutiensranyieratcopit spetiipohs uselifil progide information
'E%ﬁé@ﬁ‘ih rﬁ‘l Egﬁlér §5E1 iy g :Srf"ﬂt 904f§ﬁ%?%ﬂ BRI s\éﬁjﬁéy, electronic

transfe %ﬁl‘ to a secon acce
FBF8Y transiirnmolesulan dnisrastion.owrkidieodyed ard &@@nzyrmebmém and the

ahug@n’mahyﬁﬁcuéﬂ uor escence resonance energy
transfer” is the extension of fluorescence resonance

10 energy transfer to include a tinme function. The
t er mThe |puesenisineentionpabeides afcttods foredssaying the®aAls ity @T@Akymes that

%B afJ}}@ dﬁﬁ))lsﬁ{a'tez %dd?cha?ons f léjucéescent L ggtt'l gmf:ﬂs%ﬁ/ﬁﬂ% phosphatases

or m Ccroscop

|Whi@r riﬁmeéh"elbomph@fﬁfbﬁmhécrl;ﬂphospbow@te,spaippﬁ:ptdﬂdmolecules and
CPEIARE %H'p%ﬂ?pmieﬁ&i’ﬂs@é' WLS L3 EQ&MI)B §ENiZe0 %Hdcdé'cgcléze nucleotide

sfer, nolecular intéract]o inc

BHRle @ﬂ% 3B§aNeliNRgYIdeth én e Presrt; igaention: msowspful in”a variety of
ap;ﬂtﬂan@:m m'Ehﬁhr[gf, Satalt HRUSRH, Gfe RiV¢E AR8artR ! ROASIvBlopment, drug

ﬁg tivi t% of enzynes that catalyzé
g %% ‘Hﬁ% OBEHNUG STCCdg b enzynes i ncl ude ki nases
and phosphatases 20 whi ch, respectlvely,
phos I e

ﬁ”ﬁ? h%ﬁ? 89@19 g?@s@ﬂto ﬁ@&gf }ﬂﬁlgets l?aﬁg(g ?%glfe ﬁ%gggg b%l%by the metal

F%@apé’édlpmel(l}l) 61}103I)| ol mOIdeyéW)z €71 u¢d eotphdephate group on a
ﬁﬁ&s@ﬁéﬂy&‘@ed ﬂ_&?p&ﬁﬁ@ﬁ 0 raof{drfé%hiea ﬁu@ﬁeoﬂ&@sqm: binding is specific in

nvenél on l?fe usefu] in a variety

that indium ( ions and zirconium (IV) 10ns do not bind to unphosphorylated
polypeptides or to cyclized nucleotides. The discriminate quality of these metal jons
allows them to be utilized in assays that monitor the activity of enzymes that catalyze
phosphate modifications since these metal ions can bind only to the substrates or to the
products of the enzymatic reactions but not to both. For enzymes such as kinases and
phosphodiesterase, In™> and Zr™ ions will bind to the product but not to the substrate,
whereas for phosphatases and cyclases, these ions will bind to the substrate but not to the
-product., By measuring the extent of binding between the metal ions and the substrate or
product (depending on which enzyme), the activity of the enzymes can be determined.
These assays can further be used to screen for or identify substances that can modulate

the activity of kinases, phosphatases, cyclases and phosphodiesterases, Finally, these
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~applications, including, without limtation, life

sci ence research, assay devel opnent, drug discovery
and hi gh-throughput screening. 25 The net hods of the
present invention are based on-the specific binding by
the metal ions, indium(lIl) (In+3) and zirconium

(assays(@n be dpplied phagpkiate, ghoppatase, ayclpteoapitosylaiiattrase because

e .ng Qﬁg‘%é%ﬁ’?.‘@“?ﬁ%%’ Fld 8 pa B R b v By pichout regard to

AW SHRFLEfAIng aGid erugecenipte peilyreptide ongrhospekibic pese erchigteoside in a
P@lckpane.i des or to cyclized nucleotides. The
of. these netal i.on allo t hem

dlscr m nat e it

o belh bt e pidbeR iV oiiD e PTEFThel DeybUpwinkgrers. These
eﬂmnmsludldw@t) comthetingzibe sﬁikmawhaiﬂeﬂmuﬂnzfzme&i {heNBeth@Ce indium (111)
Y Eﬁ %?pr c Jéu[n ?1({%‘?32)2%1%%5&%” zé rtp%\atg?‘? b 1tv% Bt 5oe ?%ent of binding
}j@ﬂﬁeenp@dlugn fNhrdaen enehcasuki(fdsos zmddalther the substrate or product, and

F{b?%&?&%ﬁ%@ bfer 1%§§‘onsé Réith ﬁ‘]t@)ddcé(/iff‘ of glgbc' v\ﬁ\%)ﬂl {ﬁ'a?gfféc?s He€phosphate

not the substrate

0

?fggf‘?&’@é‘se Theyprgavs, urtheemay inglude eoiactiethe pubsgratcondrbe enzyme
swiltls & caddid el Eubmilcé Sudhlt® a M tﬁtﬂ&écﬁlodlﬁytoﬁﬁéﬁ% arfiort d¥@ing the step of
extent of b| Iy tween th ns and .t he.
b Efin tne b s NeBp it G GHEY i Srvagrgum (Y fon, and
aletarmittiyg g abilgy efitherasdidan sbisstalet e ptdnﬁﬂe or ihh#tstethe activity of the
%S%}Zr%{ang e ét% B Eheb&t%ﬁ F)?I anﬂlr%cﬂe?\g flgﬁlu&r #I?ﬁ)lﬁtog g}elrgomum (Iv)

es t he activi ty
apheithes te substtatfa@reyom phosphodi est er ases.

F' na"[*h}é stéﬂ“@ﬁ ﬁomﬁctmﬁszfs@%%&rﬁﬁorﬁﬁtsaﬁféh'a%dentz§’m@§‘yenzyme modulators,
ase, I? asgh?wg iﬁl ase or ,phosphodi est er.ase

rofucth primdmp B dens arrrircemipm (V) iens ayith queeanother and/or

Mlﬁﬁ mumre sgfoﬁmp g@ﬂdgal%c CadimpM st Odily rn@éiﬁddj f{o@dbrﬁ[ging any specified
0 .acid s i de or

305l LR ROonGH TS ToiclicRal SRR il A profered
mla;dsmd:iy mirgng asd/en forimingtite materiale in sojutibsealthohigh bther methods,
s H QM fABhin %Bé or ﬁ{bﬁi gomﬁarﬁﬁﬁ ublt %% e 15&1)11110@ﬂ ﬁ%ts'o? Yirconium TV

e substra esen

Wﬂ?lterﬂ pead) or Sqr@ﬁe oﬁrlsozmaﬁfdﬁl liﬁﬁd,( 45\,l)ong@ﬁ the eymperentsy feten at least

fome FRRISE, JpBetticiny, 'aﬁ&/o@ﬁm(ﬂh% a?ﬁﬁlﬁf‘foll%f\m Mh%ﬁachment
n or rCO|Um I on and

bet vvg.ﬁn i ndi um él I I%a

ei t he© A58y SOBrReRt Orﬁ@aa dpay %auppesf)’- fQgcpatast by material

timbleespprosiling ticht hppastt ISmﬂableO.‘fubEﬂﬁﬁes?ﬁﬂy eclué@microplates, PCR
ication

Pleieir ochllS. BASRARNRafich, Aithiiri 8l ofthgs SNEGH “enures such as
gherpplate willsharad waonckirchant @ es bbshin cdesmah caspaspadsay sives. Suitable

Hﬁ%blﬁfe@r alk%efd%c%é)@@d {rPrnd ufo'llﬁguﬂréjq} gt e}ﬁtﬁt a@ﬁﬂ:ﬁﬁ‘&ﬁs’ N&hich are

he substrate and enzy

E}CPB@FﬁtW%TPW) by @fﬁrelmd Serg dloe PHSAD; ﬁéhﬁi@d Ar 14,1 997; and Ser. No.
0dva7¢.809li filad gars WY SBOC The & Mc%‘iﬂht%s SHayl lﬂahbé b6t B, 1536, or other

Bt ok S5 s RGNS 13 o St etk s Shoy (<50 L)
volumes elevated bottoms, and/or frusto-comcal shapes capable of matching a sensed
volume.

The step of measuring a response indicative of the extent of binding generally
comprises any method for effectuating such detection, including detecting and/or
quantifying a change in, or an occurrence of, a suitable parameter and/or signal. The
method may include fluorescence and/or nonfluorescence methods, and heterogencous
and/or homogeneous methods, among others.
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15 ion and either the substrate or product. The step

of contacting assay conponents such as enzynes, enzyne

nodul ators, substrates, products and indium (I111)

ions or zirconium (1V) ions w tff-one anot her and/ or

wi th other species generally conprises any nethod for

br i ngFlugreacences pesey s ingdlve cotebiimatiglarentified hg adluorescent compound (or

Cﬂﬁﬁigﬁlrﬁggf%{dnﬁsﬂl%%{gﬁeﬂt@%@f thgpﬂ%ﬁrto g?&gﬂa%{ Plco?)@f‘t%g Lot £ compound

prefe y mXxi
§ efviropmesio| 4 tyrieal ﬂapteﬁ@ﬂmgh agfam araynavolye él) exgqsmg a sample to

as caﬁdlﬁﬁﬂ |oﬁﬁalﬂé1 ®f GhduBHEL f1IGOARANEH fors l’lﬁé‘ s&fipleN@nd r@) lﬁ‘[@asurmg a
Lons.to a Or surface

|1 or zirconium.
( eé%f)‘ aregectge r%sgovsgdaxlagtﬂf%f %n%%% G0 SR privgeh the metal
I ieasand ﬁlermbsftnatecdri oducs pRist ﬂﬁ(bl"eSCenad’lﬁbéQFs 43¢ BaBeB @n light emitted in

arfeg 0"1]1'sé %o gb%l)#g)% 3¢ s& lE'a"E)Pe eargcgt é}ﬁp p%liufagge t?%(ﬁes(es%cteaaéﬁays include,
b%mfmgyothqs,e(db ﬂllore?_@nc%lpwséy Ofihlph owioliven gnegsohmeuipgiche intensity of

Sﬂﬂc;r@skéleﬁces @%ﬁ&és@&c@%lﬂsﬁ‘%g&g SviiLE Eﬂ%llv@s %%tec? (S;Bof the polarization

bl 0¢hj | Zati on chamnb

fhﬁg%t iR éeépamsest% Gegitaen by eokypized dighb| #75] 4f fluorescence
Meonaadd @lertl - @ansfd?] Qﬂﬁﬁp)m@l{réﬁs d&%&‘tuﬁpﬂprén%%ya&ﬁﬁéfer between a

tes. Suitable , m cropl ates ar r‘ﬁcrlbedlnthe
PhlofScpiboie S, B SRRl S RndT. CNERAr-bance, dssays involve using a
ideteotabler Iat.]m]hSh ether thabightefreitted be theSampléyaucDsy aﬂ)ﬁ&%pﬁ?ﬁ,, scattering,
f 47 I
8 A 950 0, ks I e LA o
PSSO e doserahed Hu e fellofingenpterialfhedichriaoy dplomeested herein by
abRenEBYU SN At&h%p)ﬁﬁédu%nfs%y N 08k 1866 fﬂ%@ Jéﬁ 19%012@1%1 Joseph R.

TR il e 6B T, e

res pdTlﬁedetetdamatﬂuoeemaélacbh&sﬁxtsengen@fall?l Mh;ﬁ'ﬁ;egaﬁ@hﬁigleym or an
t r e

e ETRE oF BTG el et Felatls & HisditSegt ehyeryetion andor

bl asaijeble instumeatatios.chypieailye thef detaxtabli teapbrse paa @ahmigerin a property

%?%9 rﬂu%k&?fﬂce Jhe aﬁt‘fhg.ﬁ%érgy thd QInggs?ttyé tpgf%ﬁactfo%n “Hergy transfer,

[ or non uorescence ne ogene
é‘ﬁ?}%‘? W0 GEGIEOE OFEIBEN W@t‘f%@’v@’ﬂbdﬁ@‘r@ﬂon pf the fluorescence. The

Abi¢OrBRGEEHOASAMAALE si lqegcRal 8CH i ﬁe‘ &tahuﬁ@ﬂ t hedsRhse that is

a. fl.uo %nt compoun gor f | uor oph usi ng

Sirpl efestedcgensialy QompESes 8 TERROBIG topes ffflatsréqet mglipfs confirmed,

wihereas np aespgbnsandlat tis qilanhﬁ@:m nentrallbA totppeRk a response having a
e (1 Qsl.

RIS ARBTG5 S o, o

pther proppite, InafleprésTeneesmsays; thg detebtatlletrespioatd may be generated directly

Eélﬁ% raeﬁﬁ@tﬁ{%ﬁ‘or[a ed%ﬁ%fh%&i Wﬂﬂ £PhdsYP cB%pBﬂ(gu Sugﬁp%a olved in binding

ween he net | ONS™ an
By b% fu S%@torﬂlpcﬂ’@ﬁﬂﬁ vsing @ Thwsepperenssodiated ambranmhgh(e g., reporter

eniddiefor) %omﬁa@ﬁeﬁﬂ) NSeitdbfe ARARUP ah® TRkophdidsaidl @Iuorescently labeling
%),(?gqlr E%tgbgrpents age descngec{ ab & fgllo%\grrxge ?n%?e%%?s W?LIC% are incorporated herein
by reference: Richard P. Haugland, Handbook of Fluorescent Probes and Research
Chemicals (6th ed. 1996); U.S. patent application Ser. No. 09/813,107, filed Mar. 19,
2001; and U.S. patent application Ser. No. 09/815,932, filed Mar. 23, 2001.
Heterogeneous and homogeneous methods may be distinguished by whether they
involve sample separation before detection. Heterogeneous methods generally require
bulk separation of bound and unbound species. This separation may be accomplished,
for example, by washing away any unbound species following capture of the bound
species on a solid phase, such as a bead or microplate surface labeled with a metal ion or
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anong others, (1) fluorescence intensity, which

i nvol ves neasurenent of the intensity of

fluorescence, (2) fluorescence polarization, which

i nvol ves detection of the polarBzation 10 of |ight

emtted in response to excitation by polarized |ight,

amljer( Q)itab]euanmnt élher esanasfckindimgr thyn tcemrtef datermihéd Hirectly by
¥e&'uﬁﬁ OLhOBE 92( &tréﬁrlgr)ﬁn fs@@a&e @’8} Wfiefly by measuring the

UOI' es ent onor an a sult
I%W‘lnu of ageaiersd Jbaynd mﬁ\wﬂS\(ef ihsitaigl amoue& sckngsing. Homogeneous

rasheds dn Qfolﬁﬁ‘ﬁstt ﬁ@iﬂ:r&ll)g b & I%g@iger %}dg{j ?&ﬁg)aaia?ilﬂl\?: l{eut DR require a

rption, tter n
B B e 5 B oereshos reppheRar s B in some way by
randihg or esbading dfShonsd ayd umbeutt: sycicb erdtliont sép@rating the bound and
fLRllrb %% terials, which are incorporated herein by
eren S. patent application Ser. No.
09/ 765hestD, offcprrg]@nuggenelg ly @optisesany Metbe forRorrelating the extent of

Wﬁﬁﬂ% GAth ﬁ?l%' eﬁﬁ’vfﬂ/ &%t ¢ ARF GREEs The gﬁtgsgﬁgtg Modificslion. The

\%ﬂ e det ectabl e 'fl uorescence r
Jerekation ﬁe%fé#a‘ff magde é’eEfH‘aﬂ"g?b Y Fompgrng fhe pessaRGecmdior gpagnitude of
ahé i'dspcﬁlﬁ;é GeBAGhS BHRInsé (@k., ldén%t ﬁ&h@hﬁnl@ﬁ’nﬂhﬂiﬁ&hem’[ of the same

su obs vat en and
'Sns %u?ﬁeﬁt‘gf FTSH ﬂ?p P‘%‘i{f”f A ﬁregwﬂgc?taﬂ}yeufn&% Fofox g galibration
atantiandde.gi, rdeaivpd diper b ycabibratitwe clvepa esiceladen of uafexpscted response,
a t r.
I T —
FEGE aHgjertids sencepiatioon the ayhlic frlugl@pe@fc epeeentratien in an unknown

dahprtimad) s ﬂ&éﬁﬁﬂ&?bi‘fﬁﬁtéﬁﬁa blérﬁ@tﬁcﬁ%@&uge?éfg%' %ehgrmﬂmown with

t f A t
3‘&&@% "910 Hﬂ? copesnization ﬁBﬁ%S@C’R%Bé do dhseameiaiing s 3 calibration

I)

icarve ogeinerarsidund?d sihidreasndtidriR SO AfAsiriia! polarightidnt Asf & Enction of

era onprises. a response having a quantifiable
%gﬂwlnwk%t ecéﬁ?ﬂ§ﬁ¥8portable) val ue such as an
intensity, polarization, and/or other property. In
fluoggggggggsassays, t he detectabl e response may be
generate ectly wusing a fluorophore associ ated
with an assay conponent actually involved in binding

suchThéelpwWasd E&b&aﬁéns‘ 4hdickBiple¥ aktSdiféh B efnhue HRRBQkBled in the art

oﬁﬁ}%géd?]%px?y élgasaatﬁ%tﬁ (f gﬁﬁjf%%lcee tl;f.gg O er1%mt181r1 They should not be
tonsotepghay Bmitirgy thel saopeeof ehiet inyenhtiing bun therdd 28¥being illustrative and

S described in the follow ng materi al s,
i\?ﬁ%ﬁ%ﬁ&gﬁ tlh%{?g?porat ed herein by reference: Ri chard

P. Haugl and, Handbook of Fl uorescent Probes and
Resegg&?@ﬁQhenicals (6°h ed. 1996); U S. patent
ITcation Ser. No. 09/813,107, filed Mar. 19, 2001,

and Phosphodiestsrpseshyny BangdiluasscenogPolaizatios 932, fi | ed
Mar. 23, 2001. 35 Heterogeneous and honogeneous

L P S O PSR Dh RS s
mnhbﬁﬁl\/ﬁéheGMH’ JTARIRA r&- cdﬁhﬂ)&wm}@ﬂﬂhodarﬁfnebmmﬂpl 10 mM
gﬂ-f‘b? gﬂgodﬁﬁﬁﬁg%sl % H&f }iﬁglal alg \on QP%\%% tegw&rature for 1 hour,

n]@ @MBEIQ‘J& ngll4 @\/@3@3 1) QMM NﬁAqﬂiécmﬁnd(pH 5.2) in the
ﬁ@%b@ &f Rﬂm@«d RS040 WA adkd 18 WEPIBB réachBA thiRhirdM LAGRIR WO ur of

acetLa ed wth a nmetal 1on or
1ncubat10n ¢ tluorescence polarization was measured using Analyst reader (Molecular

Devices). The results of the experiment are shown in Figure 1A. Figure 1B shows a
similar PDE assay in which various metallic ion salts were used. Only ZrCly, InCl; and
GaCl; were able to show fluorescence signal, indicative of binding to the PDE product.
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-8- other suitable conmponent. The extent of binding

then can be determned directly by neasuring the

anmount of captured bound species and/or indirectly by
nmeasuring the anount of uncapt@red unbound species

(if the total amount is known). Honobgeneous nethods,

in contrast, generally do not require bulk separation

but instead require a 5 detectable response such as a
fluorescence response that is affected in sone way by

bi ndi B¥4ME dnbi ndi ng of bound and unbound speci es

W t hoRépresep@tian bMBlidabe ABQIkis HluokiRLe BoRAesidRs. The

step of correlating generally conprises any method for
correlating the extent of binding with the activity

of t Heheemizyures bHEAAMRAINSDLLE SPDASHIEK gsubetatt) (Sl h No. 1) and
T i r.formed b .
MR I DEL B PR S08E T o850 oy Pl tirent ratio were
ruseh gnsemicothe kinape reagerpoitares. e 1§0mMI&rGhy.daClar arfiaCl; were diluted

ShITODAM PERENEEIRMuRE (P& §%m§1ﬁﬂ§g Qm% grflgréi,;.faﬁ"ﬁé 8ition factor

ti and/ or other sanple at” any tine)
P B St v L0l eBRY yisel 1P GAca was 1110, 60 p of these

calti sohaiono Wwegsl bided @ thel saplidé irﬁiﬁuﬁiés. anfexpaethedr of incubation, the
nt .refer

response. . and/or a | um nesc nce npterial).
TREESSERHsy pglaliation i Tost Using ipalist goadty, fBe results of the
eyptrirgentard showinde Fegme@nt rati on, the cyclic nucl eotide
concentration in an unknown sanple nay be determ ned

by matchi ng the pol arization neasured for the unknown

wi t h Exemgled el i ¢ nucl eotide concentration

COr I ¢Rfa@bgtindud Asshpat pol ari zation in a calibration

curve generated under simlar conditions by neasuring

pol ari zation as a function of cyclic nucleotide

“conc ém (B tor @n (N @abkaMsedES replaee thel NioqW) ke mdétalPedatdd slaes (Pierce)

[ Pven .to enabl e those skilled in the

9P B SR S L SR Sl Dbt L gt when
phespharylatione(er iderphoJiheyylstion) | atcwst  Ken®6 wqhebpletasd assy can be
FuThe R ORGSR el Y GG B Tttt epc
BX Rifseia captpreddpadile st ErAY b comedipartisien gnicrapbatess einger surfaces of
Ratiluiiad dévice 38 bE AeteplRASRBOFAMIAE MARSVAKINE) or's8Fhti@ step can be
mxt%eu cont |r1( PDE (,varj ous. concentration nd 30 )

AR EAE e (hatneeR Beet a1 Binel A Flegel deyel is used.
Phopbodikstd&@sarditivityi an(hpHietdctd) ifco fRuaiophmrg-1abeldd BSIP or cGMP is
A ek tﬁ@&ﬂ%@@ﬁtﬁ:on at roomtenperature for 1 hour,

Example 4
Time-Resolved Fluorescence Energy Transfer Assays

To determine the activity of kinase, phosphatase, cyclase or PDE, an acceptor (i.e.
Cy5 or Fluorecein) labeled fluorescent substrate can be used. Upon the stop of the
enzyme reaction, a donor (i.e. Europium complex or Terbium complex)-labeled POs-
peptide (or other POs- labeled molecule) can be added together with the In (III) or Zr
(IV) salt solution to the reaction mixture. The donor and acceptor pair is brought to the
close proximity by In (III) or Zr (IV) when PO;-metal complexes are formed, which
results in fluorescence energy transfer. -



601 of 10 MM zZrd 4 , InCl3 or GaCl3 in 100nmM NaAc/ HAc
buffer (pH =5.2) in the 35 presence of 10 nM ZnSO4

was added to the PDE reaction m xture. After one hour

of incubation, the fluorescencH pol arizati on was

nmeasur ed usi ng Anal yst reader (Ml ecular Devices).

The rSimilarly, @fquehé‘leeecpnjrugmdltPCaﬂmpH&@m btheFP@yr tabtkd molecule),

Fin@l‘éﬁ@ of t1e cﬁ;ﬁ@f’\’?t ugatdd biled! ¢ dﬁ% %@th%nﬁﬂefé%&gos&'g%al change

é ion s re use

crled Sv@@?e’mm}% af ounsFragiefl| sbpiease ef)r;b éh%m@narhate modification enzyme
| Rdétioak] ve of binding to the PDE product. -9- Exanple
2 Representation of Kinase Assay Usi ng Fl uorescence
Pol arization 5 The m xtures of TAMRA- KNSDLLTSPDVGA.LK
(substrate) (Seq. Id. No. 1) and

TAMRA- KNSDLLTS( PO3) PDVALK (product) (Seq. 1d. No. 2)
at different ratio were wused to mmc the kinase
reaction m xtures. 100mM ZrCl 4, InC 3 or GaCl3 were
diluted in 100mM of NaAc/HAc buffer (pH = 5.2)
containing 10nM ZnSO4. The dilution factor 10 used for
Zrcd 4 and InC 3 was 1: 600, while that used for GaCl3
was 1:10. 60 | of these salt solutions were added to
the peptide m xtures. After one hour of incubation,
the fluorescence pol arization was neasured using

Anal yst reader. The results of the experinent are
shown in Figure 2. 15 Exanple 3 Heterogeneous Assays
In (II'l1) or Zr (1V) can be used to replace the Ni (I1)
on netal -coated plates (Pierce) or beads to separate
phosphoryl at ed nol ecul es from nonphosphoryl at ed

nol ecul es when 20 phosphoryl ation (or

de- phosphoryl ati on) occurs. Kinase or phosphatase
assay can be run using a fluorescent-| abel ed peptide
or protein substrate. The phosphoryl ated peptide or
protein captured to In(lll) or Zr(lV) coated
particles, mcroplates or inner surfaces of

m crofl ui dic device can be detected after washing. The
. washing or separation step can be omtted if a reader
that can detect at single nolecule or single cel

| evel is used. 25 Phosphodi esterase activity can be
detected if a fluorophore-|abeled cAMP or cGW is

used as the substrate. Exanple 4 Tinme-Resol ved

Fl uorescence Energy Transfer Assays 30
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To determ ne the activity of kinase, phosphatase,

cycl ase or PDE, an acceptor (i.e. Cy5 or Fluorecein)

| abel ed fl uorescent substrate can be used. Upon the
stop of the enzyne reaction, a donor (i.e. Europium
conpl ex or Terbi um conpl ex) - | ablet ed P03- peptide (or

ot her P03- | abel ed nol ecul e) can be added t oget her

with the In (111) or zr 35 (1288 t solution to the
reaction m xture. The donor and acceptor pair is

br ough close imty by In (lIL1) or .Zr (|
ahent et dr aSmare tBeHD e amaPi fin Fiuffs dphdphate
modidicesaent & swsgnigyo fmpmduct,- soid mStheidlcamipyising the steps of :
guencher - conj ugat ed PO3- peptide (or other P03- | abel ed

nol ecul e), instead of the donor conjugated ones, can
be useentagingdhe mbstratgavithsibe seeymd igriae prepensgefl indipmdHi)sion or

the ArRuHMm ab) i, W@Fe‘ir?ﬂle%kﬁﬁﬁf(ﬁgﬁofl% zir&ﬁmﬁh Qﬁufahaﬁ Ban bind to

nDdlflca i on enz ctions
met HEHes g%iﬁyﬁdh? Bﬁlthuép?tyﬁo&’f)g}'an enzyrre that can

catal yze a phosphate nodi f| cati on on a substrate to

if ;N (r:n %ﬁﬁﬁ%m eé‘%glugggpg b\ff\?{ éelr}lg mﬁt%rp %rl,gglfocor?lum (Iv)
ijonesé Hessubstratndi thepfdduet andn or ZI rconi um (1V) ion,

wherein the indium (Il1) ion or zirconium (1V) ion can
bind to either the substrate or the product, but not

t o B perrelgting the geigat pfibinginga séspidnvith thegicgibngf the enzyme;
between the indium (lI11) ion or ziroconiun1(|V) I on

and the substrate .or .t he prod and i.il rrelat n

e WRteR O ieds Aot EPBHE EiovRicomsits o phgiphatases
dychsermyphpsptibdishiersesy t he enzyne is selected fromthe

group consisting of kinases, phosphatases, cycl ases

and phosphodi esterases. 2. The nethod of claim1,

wherZi heheetbobsf chim 1,swheabial the dubittate & fabelivdewithr fluorescent

det §; Xm%%greppﬁéﬂlﬁc b h*)eaéiﬁ’fﬁ% %S@ﬁl%ﬂe%n@e response that

orescen res onse t

Aesieative wé thr extend of btrmg bcftws%@eﬁgdl@@t (e ipmy orezirepiugm V) ion

sfnﬂltﬂxésdb@@atebrﬂief;ﬁ@dticum (1V) ion and the substrate or
the product. 3. The nethod of claim?2, wherein the

detect abl e fl uorescence response is sel ected fromthe
gr oup The msdtlsdd eficlafn 2| witarein ke detedtalile mibtegcence response is selected

fmlﬁl Gh& S&Sﬂﬁ ecoﬂﬁgﬁhgé] 0P udrtdlEiice intensity, fluorescence quenching, time-
resolved fluorescence intensity, fluorescence resonance energy transfer, time-resolved

fluorescence resonance energy transfer and fluorescence polarization.

4. The method of claim 3, wherein the detectable fluorescence response. is
fluorescence polarization.

5. A method of screening for a substance that modulates the activity of an enzyme
that can catalyze a phosphate modification on a substrate to form a product, said method

comprising the steps of :

i) contacting the substrate and enzyme in the presence or absence of the substance
and in the presence of indium (III) ion or zirconium (I'V) ion, wherein the indium
(III) ion or zirconium (IV) ion can bind to either the substrate or the product but
not to both;
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25 resol ved fluorescence intensity, fluorescence

resonance energy transfer, tinme-resolved fluorescence
resonance energy transfer and fl uorescence

pol ari zation. 4. The nethod of-taim3, wherein the
detectabl e fluorescence response. is fluorescence

pol ariijzaedsoring 8@ tenfofibintog tefwsnrtke indign (1) ien or ziroconium (TV)
Sidhaha icublithe BPHL LIRS, g activity of an enzyme

that can catalyze a"phosphate nodification on a

substrate to forma product, said nethod conprising

ey oA L ab03 Gl i e MRS Ui o ining i
aﬁ%?a[}/]i%wblﬁgc %@%ﬁ @ét%cfﬁe i“i‘i"d’i‘téfrﬂ? E}}el OZYMEn or zirconi um

(I'V) ion, wherein the indium (Il11) ion or zirconium

(rv) J . ' t. Lth t subst rat.e.or the

or otutAgfahe sdfhe P ol e BORLGGRHRiRlotifescs. phosphatase.
esychases asd phpsphiodigstgesseseen the indium (111) ion or
ziroconium (1V) ion and the substrate or the product;

and %gLﬁldetﬁégining,the abiLitg of the substance to
modul Gt Eer methed ntlaigy Spivvheraiy the sulbststeets labgllaghvith a fluorescent
anviesl, aiewhivelsiéE) @siiprises iheBfuring® RAEHHES fldIcRhdE response that

B0V AL B 85 BESHBSRI) 5 0%:bmiam V) o
Eind sichodsteatt er hegsodut® 6. The net hod of clai m5,

wherein the substrate is |labelled with a fluorescent

noieéy and wherein step ii) conprises nmeasuring a _

det edt dbp anethagortcdaion® evheseip dhes detedizhle flugreseatioe easpamse is selected
Glork NBe Erb@MN tcoRdistRion dF MLPALWRRNiddRith N AubiBsdehbd )queRthing, time-
or |r%?n|un1 I'V) ian nd the substrate or the .
SrsoftseTuorescance TRtenR, HOMWTETCCRIEATSRPRIICG fREPIEY T, time-resolved
debesstatol ecsbhamee eaagn cansfesa@bRreeselpldrdtiod.r om t he

group consisting of fluorescence intensity,

fl uorescence quenching, tine- resolved fluorescence

i nt esiThe, nfethedr of cdaine 7; exloreinctheedetegyble r Amstsence response is
bR EEROLYBAZat JpuOr escence resonance energy transfer
aﬁdffuorgsceﬁ%enpolarization. 20 8. The nethod of

claim?7, wherein the detectable fluorescence response

Is fluorescence polarization. -1- SEQUENCE LI STI NG

<110> F. Hof f mann-La Roche AG
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